Survey of new synthetic paths to substituted and condensed furocoumarins, perspective compounds for photochemotherapy is given. These furocoumarin syntheses are based on the use of dihydrofurocoumarinones as convenient synthons. Both dihydrofuro[2,3-h]coumarin-9-ones and dihydrofuro[2,3-g]coumarin-6-ones became available via the unusual Fries rearrangement of 7-hydroxycoumarin chloroacetates. Substitution and keto-enol reactions of dihydrofurocoumarinones followed by aromatization of dihydrofuranone moiety are key steps of substituted and condensed furo[2,3-h]-and furo[2,3-g]coumarins synthesis.
Introduction
Furocoumarin derivatives, natural photosensitive compounds have been found to be useful for medical treatment of skin diseases [1, 2] . Furocoumarin/ultraviolet therapy, known as photopheresis, has recently been used for treatment of cutaneous T cell lymphoma, Sezary syndrome and related diseases [3, 4] . Photochemotherapeutic effect of furocoumarins is based on intercalation of the furocoumarin molecule between pyrimidine bases of the microorganism DNA. The intercalation is then followed by the UV light activated cycloaddition reactions of furocoumarin with pyrimidine bases. These [2+2] photocycloaddition reactions provide thus a cross-link of DNA and prevent a microorganism reproduction.
Psoralens, linear furocoumarins have two active sites in the [2+2] photocycloaddition reactions: pyrone ring and furan ring double bonds. This kind difunctionality of furocoumarins has been suggested to be a reason of undesirable side effects of their photoreactions with DNA, which lead to mutagenicity and carcinogenicity [5] .
Angelicins, angular furocoumarins show monofunctional properties in their interaction with DNA. They have the only reactive double bond -pyrone ring one. [2+2] Photocycloaddition reactions with furan double bond have been considered as the hindered ones with angelicin derivatives by steric reasons. In spite of their monofunctionality, angelicins possess highly effective phototherapeutic properties. For example, 6,9-dimethyl-and 4,6,9-trimethylangelicins have been shown to be more reactive than psoralens [6] [7] [8] [9] [10] [11] . Moreover, angular furocoumarins do not show undesirable side effects and do not have skin toxicity as well [2] . Therefore, syntheses of new psoralen and angelicin derivatives have been intensively studied along last years for purposes of photochemotherapy [ [12] [13] [14] [15] [16] [17] [18] [19] .
We have earlier found dihydrofurocoumarin-9-ones to be very useful intermediates for substituted and condensed furocoumarin synthesis [20] [21] [22] [23] [24] [25] [26] [27] [28] . Survey of our previous studies and unpublished results is given in this paper. In spite of low solubility in many solvents, dimethylamine 9 is easily hydrolyzed in weak acidic solutions with the formyl-derivative 7g formation. When hydrolysis has been carried out in presence of concentrated sulfuric acid, decarbonylation of the 7g took place with formation of 2b. The compound 7g is also decarbonylated under long heating. The loss of CO is also a main way of molecular ion fragmentation under mass spectrum recording.
Discussion
8-Formyl function is the most reactive carbonyl group of the compound 7g. Its 2,4dinitrophenylhydrazone 11 has been obtained in mild conditions with the quantitative yield. 
Scheme 6
We have studied azo-quinone hydrazone tautomeric transformations of the compounds 13 with use of electron absorption spectra and quantum chemical calculations, both semiempirical and nonempirical. Hydrazone tautomeric forms have been found to be the predominant ones. For example, a good correlation between calculated by the PPP CI method and experimental positions (λ max) of the longest-wavelength absorption bands has been found when anti-isomer of quinone hydrazone form used as a model in the calculations [25] (Table 1) .
Calculated by the PPP CI method and experimental positions (λ max) of the longest-wavelength absorption bands of the compounds 13 a-d.
N-H Singlet signal at 11.0-11.3 ppm in the 1H NMR spectra and characteristic peaks in the mass spectra approve quinone hydrazone tautomeric form of the azocompounds 13. NH-Function in the compounds 13 has been acetylated [25] with formation of N-acetyl quinone hydrazones 14. There are some comments to the acetylation procedure. When acetylation is carried out by acetic anhydride in the presence of potassium acetate, 9-acetoxy-derivatives 20 are the final products.
When compound 2b is treated by acetic anhydride in presence of sulfuric acid or pyridine, both O-acetylation and C-acetylation take place with formation of diacetyl-derivative 20h.
Acetylation of 7g provides rather an unusual result. Dimer 21 has been isolated as a main product. The following steps of aldehyde 7g transformation can be suggested: 7g undergoes partly decarbonylation along the acetylation procedure. The formed amount of 2b reacts then with the starting aldehyde 7g via croton condensation with formation of 21 (Scheme 10). Diazocompound 16d has been reducted with formation of hydrazine derivative 25. Hydrazine 25 is sensitive to heating. Its preparation goes with a good yield if temperature of the reaction is below -10 o C. If temperature of the reduction is higher, the reaction is accompanied by formation of amine 16a and traces of coumarinone 2b.
Hydrazine 25 reacts readily with benzaldehydes [27] . However, regioselectivity of these reactions depends also upon the temperature. For example, hydrazone 26 has smoothly been These derivatives are analogues of C-benzylidene derivatives, which we have earlier studied in more detail [24] . C-H-Bond seems to be more nucleophilic in these conditions than the 6- Mass spectra were scanned on a SSQ-710 (Finnigan MAT) spectrometer at the energy of ionizing electrons equal to 70 ev.
Electron absorption spectra were recorded on a spectrophotometer "Specord-UV/VIS" using 
4-Methyl-8-(4′-diethylaminophenylazo)-4-methyldihydrofuro[2,3-h]coumarin

